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Abstract 
The 2030 EU policy framework for climate and energy confirms that all sectors, including 
agriculture, should contribute to climate stabilisation and greenhouse gas (GHG) 
emission reduction in the most cost-effective way. Since 2009, the European 
Commission's Joint Research Centre (JRC) analyses the economic impact of GHG 
mitigation policy options for EU agriculture. However, the lack of precise, integrated and 
harmonised data on the current and potential uptake, cost-effectiveness and GHG 
emissions reduction potential of technological (i.e. technical and management based) 
mitigation options hampers the analysis of the economic impacts of GHG mitigation in 
agriculture. Against this background, the JRC organised a workshop in Seville on 14th 
June 2016 which gathered European Commission staff and experts from diverse 
international institutions aiming to: i) identify current activities conducted by research 
institutes on the building of datasets for GHG mitigation technologies and their state and 
development, ii) establish synergies and working mechanisms among the different 
institutions working on the topic, iii) identify which are the current gaps and limitations of 
existing datasets and models and, iv) conceive a roadmap to build possible new datasets 
per mitigation technology. The present report is based on the workshop results and 
concludes on how to move forward.  
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Executive summary 
Since 2009 the European Commission's Joint Research Centre (JRC) analyses the 
economic impacts of greenhouse gas (GHG) mitigation policy options for the EU 
agriculture sector using the agro-economic model CAPRI. In recent studies (e.g. Pérez 
Domínguez et al., 2016) specific technological (i.e. technical and management based) 
mitigation options have been included into the analysis. However, the lack of precise, 
integrated and harmonised data on the current and potential uptake, cost-effectiveness 
and GHG emissions reduction potential of technological mitigation options hampers the 
analysis of the economic impacts of GHG mitigation in agriculture.  
Against this background, the JRC organised a workshop in Seville on the 14th June 2016 
to discuss with international experts and modellers different approaches to build 
scientifically sound (new) datasets on technological GHG mitigation options for the 
agricultural sector. These datasets should bridge current data gaps, improve the 
accuracy of the economic modelling-based analysis and provide techno-economic 
evidence to support policy programs that may benefit the uptake of mitigation 
technologies. The event focused on a set of both non-CO2 and CO2 mitigation 
technologies that were considered most promising in previous JRC workshops and 
projects: Variable Rate Fertilization (VRF), Nitrification Inhibitors (NI), on-farm Anaerobic 
Digester (AD), Manure Management (MM), Conservation Agriculture (CA), and 
Agroforestry Systems (AS). 
The workshop was organised in four sessions, each including presentations given by 
experts from different institutions and followed by a discussion among all participants. In 
the first session the objectives of the workshop and the policy context have been 
outlined. It was stressed that mitigation technologies may have a crucial role to 
determine the possible contribution of agriculture to the EU 2030 Climate and Energy 
Framework, which aims to reduce GHG emissions from the non-ETS sectors by 30% 
below 2005 levels by 2030. 
The second session approached the data availability regarding abatement potential, 
costs, adoption rates and barriers of specific technological mitigation options. The 
presentations were grouped according to the type of emissions: nitrous oxide (N2O) 
reductions via VRF and NI, methane (CH4) reductions through AD and MM, and carbon 
dioxide (CO2) reductions by CA and AS. All the presented mitigation technologies were 
considered to have significant mitigation potential, but participants emphasized and 
discussed that there is clearly a lack of primary data on current adoption rates and costs 
at global level and specifically in the EU context for most of the mitigation technologies. 
Moreover, mitigation potential and costs of the technologies are usually site- and 
location-specific which makes data upscaling and aggregation to regional or country level 
more difficult. 
The third session explored current models that include the selected technological 
mitigation options for assessments at global and EU level. Some of the models presented 
are able to measure the impact of the technological mitigation options from the 
environmental perspective (e.g. DAYCENT, MITERRA, GLEAM), whereas others focus 
more on the socio-economic aspects (e.g. IFPRI, USEPA – MAC, CAPRI), i.e. some of 
them need to be combined with other models and/or methods to cover both dimensions. 
The main input data sources of the different models with respect to technological GHG 
mitigation options are expert knowledge and judgement, literature reviews, and previous 
research projects. Workshop participants stressed that one of the most important 
limitations of all models is the often weak data regarding the actual adoption rates of the 
mitigation technologies, which can hamper the model-based impact assessments. 
Moreover, regional cost data and specific data on barriers for adoption are often missing, 
but are actually key determinants for improving the model assessments of technological 
mitigation options. It was also highlighted that if the models are fed with accurate input 
data they can provide valuable output beyond the impact and mitigation potential of the 
technologies, like for example information on necessary incentives for technology 
adoption, and could also be used to fill regional data gaps. 
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The fourth session served to summarise and sound out the experts' views and 
recommendations on the approach to improve existing or generate new datasets on 
technological mitigation options for the agricultural sector at EU level. The discussions 
centred on nine open questions about the (1) most promising mitigation options, (2) 
relevant indicators that need to be included in the datasets, (3) limitations for 
generalising the data, (4) missing data that needs to be gathered, (5) best methods to 
gather missing information, (6) consideration of potential emission leakage, (7) 
categories specificity to be included, (8) importance to include both non-CO2 and CO2 
technologies, (9) “double counting” impact of some mitigation technologies.  
Participants contemplated the following technological mitigation options as most 
promising and recommended them for updated or new datasets: fallowing histosols 
(organic soils), nitrification inhibitors, precision farming-variable rate technology, higher 
legume share, rice measures, anaerobic digestion, low nitrogen feed, vaccination against 
methanogenic bacteria in the rumen (not proved to be very effective), feed additives 
(nitrate), grassland management, conservation agriculture, agroforestry, land 
retirement, increased animal and crops productivity, cover crops, use of residues on soil, 
and low carbon animal diet. The datasets should be technology-specific (i.e. not clustered 
by mitigated gases) and gather data on current adoption rates, costs and saving, 
mitigation potential, structural data of farm holdings, productivity increase due to the 
technology use, ease of use, employment creation, a measurement of the ease of use, 
adoption drivers and barriers, and bioregional differences. Furthermore, it was 
highlighted that the datasets should also assess uncertainties linked to each of the 
indicators and variables.  
Experts highlighted the difficulty to gather the necessary data as some parameters are 
specific to regions, farms and/or farmers and can therefore be quite heterogeneous. 
Furthermore, already existing data is often not available free of charge or open access 
(e.g. sales data on specific machinery or other agricultural inputs).  
To overcome previous limitations, experts suggested that datasets could be improved or 
newly built by using massive and systematic literature reviews, already existing 
databases and research projects. A very important improvement could be achieved by 
collecting primary data. Methods to collect primary data and missing information could 
include focus group discussions and consultations (e.g. interviews) with the farming 
community (e.g. farmers, advisors, academics, policy makers, and agricultural 
enterprises among others), surveys to farmers and the related agro-industries. Model-
based analysis (e.g. carbon calculator) could help to complement the collected data and 
potentially bridge some data gaps to further improve the datasets.  
A major conclusion of the workshop is that there is certainly a need to build 
comprehensive and consistent datasets per agricultural GHG mitigation option. Collecting 
more primary and secondary data on EU adoption rates and barriers, costs and 
mitigation potential of technological mitigation options is fundamental for both 
understanding what is currently happening at farm level and assessing how this may 
evolve in the future. Even though the task of building the datasets would likely imply 
costly and time consuming efforts, such datasets seem to be imperative for the proper 
analysis of agriculture's GHG mitigation potential. 
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1 Introduction 
Since 2009 the European Commission's Joint Research Centre (JRC), commissioned by 
the Directorate-General for Agriculture and Rural Development (DG AGRI), analyses the 
economic impacts of greenhouse gas (GHG) mitigation policy options for the EU 
agriculture sector using the agro-economic model CAPRI (Leip et al., 2010; Pérez 
Domínguez et al., 2012). Within the project 'Economic Assessment of GHG mitigation 
policy options for EU agriculture' (EcAMPA; Van Doorslaer et al., 2015; Pérez Domínguez 
et al., 2016), several technological (i.e. technical and management based) mitigation 
options have been specifically included into the analysis. The main objectives of the 
EcAMPA project are to understand: i) how non-carbon dioxide emissions from agriculture 
are likely to evolve up to 2030, ii) how the application of different policies (e.g. subsides 
for adoption) and mitigation technologies (e.g. precision farming) can help to achieve 
GHG emissions reductions, iii) what would be the cost-effectiveness of those mitigation 
technologies under different policy scenarios and iv) the impacts on production.  
In the course of the EcAMPA project two mayor drawbacks with respect to the modelling 
of technological mitigation options became noticeable: 
1. There is a lack of precise, integrated and harmonized data regarding the current 
and potential uptake, cost-effectiveness and GHG emissions reduction potential of 
technological mitigation options; are hampering the modelling of the economic 
impacts of climate change mitigation in agriculture.  
2. Databases and datasets hosting some of the required data are usually not open 
access or otherwise easily available.  
Furthermore, so far the analysis with the CAPRI model did not include carbon dioxide 
(CO2) emissions. Although the vast majority of GHG emissions from agriculture are non-
CO2 emissions, namely methane (CH4) and nitrous oxide (N2O), the ability to model CO2 
agricultural emissions/removals can improve the understanding on the abatement 
potential of different mitigation options. Moreover, including CO2 in the modelling 
exercises may help to determine the role of agriculture as a carbon sink (in soils and 
vegetation).  
Comprehensive estimates of real costs and benefits of GHG mitigation technologies, and 
farmers’ behaviour toward their adoption and potential incentives (e.g. subsidies) to 
increase adoption rates, are essential to establish achievable mitigation targets and build 
future EU rural development policies. Therefore, models analysing the impact of 
agricultural mitigation technologies need up-to-date, sound and referenced datasets that 
are technology specific and provide reliable costs and benefits, mitigation potential, 
current (and potential) uptake, and the associated socio-economic implications for 
farmers.  
Based on these considerations, the JRC organised a workshop in Seville on the 14th June 
2016. The general objective of the workshop was to discuss with international 
agricultural technology experts and modellers possible approaches to build scientifically 
sound new datasets on the potential of GHG mitigation technologies. These datasets 
should improve the accuracy of the economic modelling analysis and provide techno-
economic evidence in support of rural development programs that may benefit the 
uptake of the technologies. The specific objectives of the workshop were to:  
 identify current activities conducted by research institutions on the building of 
datasets for GHG mitigation technologies and their state of development;  
 establish synergies and working mechanism among the different institutions 
working on mitigation technologies;  
 identify which are the current gaps and limitations of existing datasets (and 
models) and propose approaches to overcome these constrains and; 
 conceive a roadmap to build possible new datasets.  
 6 
 
The event focused on a shortlisted set of both non-CO2 and CO2 mitigation technologies 
and tried to cover some of the most known models.  
This report presents a synthesis of the workshop, summarising the presentations and 
discussions in the different sessions and concluding on the feasibility of and necessary 
way forward to build new datasets on mitigation technologies. The report is organized 
following the structure of the workshop. The first session of the workshop set the scene 
and briefly explained how the role of agriculture has evolved in the EU policies directly or 
indirectly related to climate change mitigation. The second session aimed at providing 
examples of existing data on technological mitigation options used in the EU. The third 
session further provided an overview of the existing datasets and models on mitigation 
technologies both globally and at EU level. Finally, the fourth session established the 
priorities for a possible construction of new EU-based datasets on technological 
mitigation options for the agricultural sector.   
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2 Policy context (First Session) 
Mitigation of and adaptation to climate change are the two policy interventions that can 
be undertaken to reduce threats and risks posed by anthropogenic climate change 
(Füssel and Klein, 2006). Mitigation of climate change, the focus of the workshop and 
this report, refers to reducing GHG emissions and enhancing potential carbon sinks to 
limit long-term climate change at global scale. This first session of the workshop set the 
scene and briefly outlined the role played by the agriculture sector in the EU policies 
directly or indirectly related to climate change mitigation. 
In the 2020 Climate and Energy Package, the EU has set a binding legislation to reduce 
EU GHG emissions by 20% by 2020 compared to 1990 levels. The reduction target is 
separated into an EU-wide target for large-scale facilities in the power and industry 
sectors (and aviation), covered by the European Emissions Trading Scheme (EU ETS), 
and a target for emissions in the non-ETS sectors, such as agriculture, buildings, 
transport, and waste. Non-ETS emission reduction obligations are broken down to 
different individual targets for the Member States depending on their emission levels and 
relative gross domestic product (GDP) per capita1. The non-ETS emissions are regulated 
by the Effort Sharing Decision (ESD), which sets emission reduction targets compared to 
the 2005 levels2. While the emission targets for the period up to 2020 include methane 
and nitrous dioxide emissions from agriculture, carbon dioxide (CO2) emissions or sinks 
from land use and land-use changes and forestry (LULUCF). 
The agricultural sector was particularly recognised by the United Nations Framework 
Convention on Climate Change (UNFCCC) for its significant mitigation potential in the 
global efforts to stabilize GHG concentrations in the atmosphere. Moreover, the 
commitments and responsibilities agreed by the UNFCCC Kyoto Protocol include the 
development, dissemination and adoption of mitigation technologies that reduce GHG 
emissions from agriculture (UNFCCC, 2008). Although there are currently no EU specific 
measures that oblige the agricultural sector to reach a mitigation target, environmental 
and agricultural policy measures have significantly contributed to mitigate agricultural 
emissions in the EU, for example the ban on stubble burning maintains soil organic 
matter and the EU Nitrates Directive3 has reduced animal manure spreading and mineral 
fertilizer use over time, and in turn the emissions of nitrous oxide from agriculture. 
Furthermore, since the 2013 reform of the EU's Common Agricultural Policy (CAP) 
farmers have to comply with new environmental requirements, the so-called greening, 
that includes measures with a climate change component, such as maintaining 
permanent grassland, crop diversification and maintaining an ecological focus area 
dedicated to ecologically beneficial elements that include e.g. the option to use catch and 
nitrogen-fixing crops) to perceive the full amount of their subsidies (about 30% of their 
direct payments4).  
The 21st climate Conference of the Parties (COP21) of the UNFCCC was held in Paris in 
December 2015 and resulted in the Paris Agreement on climate change. This first-ever 
                                           
1  Commission decision of 26 March 2013 on determining Member States' annual emission 
allocations for the period from 2013 to 2020 pursuant to Decision No 406/2009/EC of the 
European Parliament and of the Council (2013/162/EU). Official Journal of the European Union, 
L90, 106-110 
2 Decision No 406/2009/EC of the European Parliament and of the Council of 23 April 2009 on the 
effort of Member States to reduce their greenhouse gas emissions to meet the Community’s 
greenhouse gas emission reduction commitments up to 2020. Official Journal of the European 
Union, L140, 136-148 
3 Council Directive of 12 December 1991 concerning the protection of waters against pollution 
caused by nitrates from agricultural sources; OJ L 375, 31.12.1991, p. 1–8 
4 Regulation (EU) No 1307/2013 of the European Parliament and of the Council of 17 December 
2013 establishing rules for direct payments to farmers under support schemes within the 
framework of the common agricultural policy and repealing Council Regulation (EC) No 637/2008 
and Council Regulation (EC) No 73/2009. Official Journal of the European Union, L347, 608-670 
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universal and legally binding global climate agreement sets out the objective of keeping 
global warming below 2°C and covers the period from 2020 onward. The Paris 
Agreement will enter into force in 2020 after 55 countries that make up at least 55% of 
global emissions have ratified it. Before and during the conference, countries submitted 
their Intended Nationally Determined Contribution (INDC) for the new global climate 
agreement. The EU was the first major economy to submit its INDC to the new 
agreement in March 2015 and it is already working on its commitment to reduce GHG 
emissions by at least 40% by 2030, compared to 1990. All Member States will have to 
modernise the economy and ensure a successful transition to a low-carbon economy by 
stimulating investment and innovation in new technologies and maintaining EU 
leadership in markets for goods and services such as low-emission vehicles and energy 
efficiency5. 
The submission of the EU's INDC is based on the EU 2030 Climate and Energy 
Framework6 , which includes the commitment to reduce GHG emissions by 30% from the 
non-ETS sectors by 2030 compared to 2005 levels. Details of the policy framework are 
still under discussion, but the European Commission's proposal also includes new 
flexibilities to reach the targets such as i) the option for eligible Member States to reach 
national targets by covering some emissions in the non-ETS sectors with EU ETS 
allowances (i.e. up to 100 million tonnes CO2 over the period 2021-2030 for EU-wide); 
and ii) the option to access credits from the land use sector to be used for national 
targets for all Member States, specifically higher access will be granted to those 
Members with larger agricultural emissions (i.e. up to 280 million tonnes CO2 over the 
period 2021-2030). Additionally to these new flexibilities, the formal compliance check 
will be organised every 5 years rather than annually to allow the inclusion land use 
mitigation and reduce administrative burden7. 
The storage of soil organic carbon from actions taken by farmers and forest owners (e.g. 
afforestation, reforestation, agroforestry implementation, improved land and forest 
management) has so far only been partially recognised in climate policy mainly because 
of the large uncertainty in the estimates of the amount of carbon stored in soils, crops 
and forests (Delbeke and Vis, 2015). The proposal to integrate the land use sector into 
the EU 2030 Climate and Energy Framework sets out a binding commitment for each 
Member State and the standardised accounting rules to determine compliance and 
carbon storage from forestry and agriculture. Land use and forestry include the use of 
soils, trees, shrubs, plants, biomass and timber. Farmers will be supported by the 
adoption of climate smart agriculture practices, and foresters and forest-based industries 
will be supported by enhancing the use of wood products which have a longer life-time 
and soil organic carbon capacity, while avoiding fire risk. The "no-debit" commitment for 
land use establishes that every accounted emission needs to be entirely compensated by 
an equivalent removal from actions taken in the same sector. The aim of this 
commitment is to incentivise the adoption of measures which increase the soil organic 
carbon sequestration (e.g. emissions derived from deforestation should be compensated 
by planting new trees or improving the sustainable management of their existing forest, 
                                           
5 Communication from the commission to the European Parliament and the council The Road from 
Paris: assessing the implications of the Paris Agreement and accompanying the proposal for a 
Council decision on the signing, on behalf of the European Union, of the Paris agreement adopted 
under the United Nations Framework Convention on Climate Change. COM/2016/0110 final. 
http://europa.eu/!rH84nx 
6  Conclusions on 2030 Climate and Energy Policy Framework. European Council, (23 and 24 
October 2014), [SN 79/14] 
7  Proposal for a regulation of the European Parliament and the Council on binding annual 
greenhouse gas emission reductions by Member States from 2021 to 2030 for a resilient Energy 
Union and to meet commitments under the Paris Agreement and amending Regulation No 
525/2013 of the European Parliament and the Council on a mechanism for monitoring and 
reporting greenhouse gas emissions and other information relevant to climate change. 
COM/2016/482 final. http://europa.eu/!Gr87bX 
 9 
 
croplands and grasslands). Flexibilities are also included in the proposal to meet the "no-
debit" commitment. For example, when net CO2 removals are higher than net emissions 
it can be banked for the next compliance period, and besides Member States are able to 
buy and sell net removals between them8. 
The 2030 commitments for the non-ETS sectors to reduce GHG emissions by 30% will 
require significant efforts at national scale and in turn a robust and comprehensive 
framework for climate policies, including guidelines on how to comprise emission 
reductions from agriculture and LULUCF. In this context technical and management 
based mitigation options may contribute and facilitate GHG emission mitigation in the 
agricultural sector (Pérez Domínguez et al., 2016). The workshop sought to gather 
information on the potential of the technological options and which further data may be 
needed to provide techno-economic evidence and analysis in support of rural 
development programs that may benefit the uptake of the technologies.  
                                           
8 European Commission - Fact Sheet: Proposal to integrate the land use sector into the EU 2030 
Climate and Energy Framework. Brussels, 20 July 2016. http://europa.eu/!gx39Yq 
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3 Data availability on technological mitigation options for 
the agricultural sector in the EU (Second Session) 
This session assessed data availability regarding the mitigation potential, current and 
potential use, and cost-effectiveness of a set of selected GHG technological mitigation 
options. The objective was to answer the following questions:  
 Are there available information regarding uptake, costs and mitigation potential 
of the presented technological mitigation options? 
 Where are the main data sources that can be used at EU level? 
 Which are the elements determining its costs, adoption and mitigation potential? 
 Which are the main gaps on data availability? 
The session was structured considering the main GHG emissions produced by agricultural 
activities: nitrous oxide (N2O), methane (CH4) and carbon dioxide (CO2) and focused on 
the following six promising mitigation technologies: Variable Rate Fertilization, 
Nitrification inhibitors, on-farm Anaerobic Digester, Manure Management, Conservation 
Agriculture and Agroforestry Systems. 
 
3.1 Technological mitigation options for nitrous oxide (N2O) 
Globally, agriculture contributes about 60% of the total anthropogenic N2O emissions 
(Ciais et al., 2013). Diverse agricultural activities (e.g. fertilization) increase nitrogen 
availability in soils, which leads to an increase of N2O emissions due to nitrification and 
denitrification processes. N2O arises from the microbial transformation of nitrogen (N) in 
soils and manures (during the application of manure and synthetic fertiliser to land) and 
via urine and dung deposited by grazing animals. The mayor sources of agricultural N2O 
emissions in the EU are agricultural soils (89%) and manure management (11%) (EEA, 
2015).  
The application of mineral fertiliser and animal manure to soils is an important source of 
agricultural soil emissions that can be reduced through the utilization of Variable Rate 
Fertilization and Nitrification Inhibitors. Variable Rate Fertilization technology allows 
the application of different rates of fertilizer at each location across fields, providing 
nitrogen to the crop according to the needs and reducing N2O emissions from N-
fertilizers production and use. Nitrification inhibitors temporarily suppress the 
microbial conversion of ammonium (NH4+) to nitrite (NO2–) in soil, decreasing direct N2O 
emissions and nitrate leaching (Li et al., 2008). 
3.1.1 Variable Rate Fertilization and Precision Agriculture 
Presentation given by Ulrich Adam from the European Agriculture Machinery (CEMA). 
CEMA represents over 4,500 manufacturers of agricultural machinery from different 
European countries and encourage farmers to adopt Precision Agriculture (PA) 
management including for example Variable Rate Fertilization (VRF). The VRF technology 
implies the accurate estimation and application of fertilisers per square meter in a field. 
This practice entails the mapping and analysis of site-specific data (e.g. soil properties, 
nutrient status, yield, water content and wind conditions), which is necessary to 
determine the specific application rate requirements for a projected yield. Once it is clear 
which amount of fertilizer has to be spread per square meter an advanced spreader 
technology is needed to achieve the exact boundary spreading. The adoption of VRF 
technology can help to avoid over and under-fertilisation, reduce GHG emissions and 
promotes uniform growth rates. 
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The current VRF technology uptake in Europe is relatively low and there is still a high 
adoption potential. Approximately 37% of the total sales of centrifugal fertilizer 
spreaders (with weighing systems) were sold in Europe (CEMA European statistical 
exchange). At the same time, in the US the machinery market reflected that on around 
31% of arable land VRF technology was used (single and multiple nutrients fertilizer) 
and between 64-69% US farmers requested extension services of VRF technology for 
single and multiple nutrients respectively (Erickson and Widmar, 2015).  
The initial investment costs for adopting VRF technology include the purchase of a new 
VRF spreader (approx. €15,000), an N-sensor and the supporting technology (between 
€19,000-40,000 depending on farm size). Economic benefits of PA will likely range from 
€10 to €100/ha (estimates obtained by CEMA from manufacturers), and additional agro-
environmental benefits could be achieved from the adoption (e.g. higher yields, reduced 
fertilisers, higher energy use efficiency and faster applications). In addition, the VRF 
technology can provide monitoring evidence (i.e. activities geo-location and 
documentation) with respect to cross compliance accomplishments or other climate and 
environmental regulations (e.g. EU Nitrate Directive).  
The high initial investment, the farm size and the technical management skills required 
are relevant barriers to adopt VRF. However, VRF adoption could be increased by (1) 
strengthening farmers' investment capacity; (2) ensuring access to VRF technology (or 
corresponding contractual services) at all scales; (3) promoting training and skills (farm 
management acumen, technical/IT know-how); and (4) enhancing supportive efforts by 
the industry to promote ease of use, reduce complexity and ensure compatibility of 
machines and systems.  
With respect to GHG mitigation potential (and other environmental benefits), there is a 
lack regarding data availability, as there seems to be no comprehensive clear-cut 
methodology and data on GHG emission reduction potential for specific precision farming 
technologies. Moreover, many of the existing data may not be representative at 
aggregated regional or country level. 
3.1.2 Nitrification inhibitors 
Presentation given by Andreas Pacholski from EuroChem Agro  
About 26% of total agricultural N2O emissions are derived from applied mineral fertilisers 
and about 24% are indirect emissions from nitrate leaching and NH3 volatilization. 
Nitrification inhibitors (NI) block or slow down the first step of the nitrification process 
where N2O emissions are released from soil. NI are also capable to abate N2O emissions 
by decreasing the nitrate availability for denitrification, and reducing fertilization needs 
(i.e. ammonium nutrition) and nitrate leaching. NI technology has the potential to 
reduce up to 35% of N2O emissions from agricultural soils (Ruser and Schulz, 2015) 
Abatements could be even larger when also considering N2O emission reduction from 
nitrate leaching. 
The current uptake of NI in Europe is low, only about 1-2% of N fertilizer use is applied 
with NI (for organic fertilizer, less than 1% of slurries are applied with NI). The 
application costs can largely vary among different active ingredients for each type of NI 
(as different NI require different application rates). For instance, costs for inhibition of 
mineral fertilizer are approximately 0.19€/kg N and for inhibition of organic fertilizers 
0.19€/ha (assuming 100kg N/ha). There are no initial investment costs, but economic 
benefits related to cost savings of NI use, resulting from (i) reduced number of mineral 
fertilizer application (safe one passing/ha at least about 4.5 €/ha on EU average, not yet 
considering opportunity costs), (ii) less field traffic which preserves soil quality and 
hence reduces potential restoration costs, (iii) reduced fertiliser needs (about 5% of 
fertiliser can be saved), and (iv) potential yield increases (about 5% at actual prices for 
most common crops, Abalos et al., 2014). Other non-economic benefits associated to NI 
are the ease of application (spare one fertilizer application), the reduced N loss by 
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nitrate leaching and the positive yield and quality effects (ammonium nutrition) in 
particular for crops with high returns (vegetables, fruits, rapeseed, potatoes). 
NI technology adoption is facing different social, technical and economic barriers. Social 
barriers are related to the limited awareness of and training on the technology and its 
management as well as to a lack of confidence regarding potential yield increases. 
Technical barriers involve the limited active ingredients and applicability for some N-
fertilizers and the uneven effect according to soil types/field conditions. However, the 
technical limitations will probably be overcome in the near future (within the next 2 
years) with actual technology developments and new active ingredients. Economic 
barriers are mainly due to higher prices per kg N compared to commodity fertilizers, and 
limited availability from retailers (distribution).  
3.2 Technological mitigation options for methane (CH4) 
CH4 emissions represent 54.5% of total EU agriculture emissions (EEA, 2016). There are 
two main sources of agricultural CH4 emissions in the EU: enteric fermentation in 
ruminants and manure management. Enteric fermentation is the largest source of CH4 
emissions, representing about 2% of total EU GHG emissions, 18% of total EU CH4 
emissions and 43% of total agricultural emissions. CH4 emissions from manure 
management represent 0.5% of total GHG emissions, 4% of total EU CH4 emissions and 
10% of total agricultural emissions (EEA, 2016).  
In this workshop enteric fermentation mitigation was not directly addressed since there 
is still a large heterogeneity in management practices that can lead to reductions and 
from which abatements can be difficult to be accurately estimated (e.g. many different 
diets and emission reduction information varying with for example season, availability or 
price volatility in feed markets). Therefore, in this session the focus was put on farm-
scale anaerobic digestion and other manure management activities. 
Farm-scale anaerobic digestion and other manure management activities have 
the potential to significantly reduce agricultural CH4 emissions. Anaerobic digestion 
degrades organic matter (e.g. manure, slurries and crop residues) to biogas (i.e. a 
mixture of methane, carbon dioxide and some trace gases) which can be used as an 
energy source. A by-product of the AD process is digestate which is usually used as 
fertilizer (Clemens, 2006) and hence helping to reduce GHG emissions from fertilizer 
production and bioenergy use. Other manure management mitigation practises can be 
implemented during the different stages of the manure processing chain, namely 
livestock housing (e.g. different animal diets, air scrubbing), storage of manure (e.g. 
covering, compaction, acidification) and manure application to land (e.g. different 
application techniques).  
3.2.1 On-farm anaerobic digesters- an economic perspective 
Presentation given by Philip Jones from Reading University.  
The on-farm anaerobic digester (AD) technology implies the digestion of organic material 
(mostly slurry and manure, food and amenity waste, or crops and crop residues) by 
bacteria in sealed tanks to yield biogas and digestate (a fibre and nutrient rich liquor). 
AD technology allows farmers to diversify income by selling green power and heat. 
Managing waste by AD can provide additional benefits such as reductions of GHG 
emissions at farm level, lower fertiliser needs, and biosecurity and weed control (most 
pathogens and seeds in AD feedstock are killed in the digestion process). 
The current deployment of farm-based AD plants reflects large uptake differences 
between European countries. Data on deployment of AD plants is readily available. 
Germany shows by far the highest number of plants, but the annual increase in new AD 
plants profoundly declined between 2009 and 2015. UK and France are experiencing a 
rapid expansion of new plants. For the UK, the uptake projections show a significant 
increase in feedstock availability and a moderate increase in farmer willingness to adopt 
AD technology. However, official data on feedstock utilisation are still unreliable. This is 
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problematic as these data are necessary to estimate potential AD uptake and to 
establish sustainability criteria by governments (e.g. use of wastes/slurries or food/feed 
crops).  
The economic benefits of AD plants are mainly those gained by revenues from nationally 
operated feed-in tariff systems (FIT) for electricity generated or supplied to grid, and 
any related enhancements to FIT (e.g. based on efficiency, use of certain feedstocks). 
There are high investment and operational cost for farm-based AD. The average costs of 
installation are similar across the EU (approx. 6000€/kWe of installed capacity; Jones & 
Salter, 2013) and may vary according to different factors (e.g. plant scale, nature of the 
feedstocks to be used, planning and advisory costs, subsidies and requirement for 
upgrading plant).  
AD technology adoption is facing different social, technical and economic barriers. Social 
barriers are mainly related to legislative issues or burdensome regulation concerns to 
farmers, besides the ill-informed publics leading to low social popularity. Technical 
barriers include the farm structure (e.g. size, system, availability of feedstock), limited 
grid connectivity (both electricity and gas) and constraints to digestate utilisation 
(disposal and sale). Economic barriers are mainly due to high capital requirements (incl. 
availability grants, finance and cost of finance), considerable costs of production, 
operational complexity and the costly planning process. Data availability on AD costs of 
and barriers to adoption is very limited, location specific and is not regularly updated.  
3.2.2 On farm anaerobic digesters and manure management 
Presentation given by Jan Peter Lesschen from Alterra (Wageningen University and 
Research)  
GHG emissions from manure management account for about 15% of total agriculture 
emissions (EEA, 2015). Current EU regulations are forcing enhanced recycling of manure 
(e.g. Nitrates Directive) and other residues and wastes. The manure processing can be 
undertaken by different technologies (e.g. digestion, composting, combustion, belt press 
separation, centrifuge separation or reversed osmosis), but slurry separation and 
acidification, and AD are dominant technologies in EU (Foged et al., 2011). At present, 
the biogas production in EU-28 is derived from landfill (18%), sewage sludge (9%) and 
mainly from farm based plants (72%; ENER/C1/2015-438 DG energy9) using manure, 
energy crops or agro-residues as primary feedstock. In addition to the use as manure 
storage and substitute for fossil fuels for electricity and heating, producing biogas 
achieved a net GHG abatement of about 4,967 KtCO2eq in the EU-27 in 2008 (Pedroli 
and Langeveld, 2011). Therefore the adoption of AD technologies to produce biogas of 
manure should be reflected in the National Inventory Reporting.  
According to a recent survey (Hou et al., 2016), the major determinants influencing the 
adoption of manure processing technologies are new policies and regulations, ease to 
export manure off farm and production of bioenergy (more than 40% of survey 
respondents' agreement). Other factors can also stimulate the adoption to a lesser 
extent, as for example increased fertilizers prices, increased income from processed 
products sales, higher control of disease, pathogens and odour (less than 40% of survey 
respondents' agreement). More than half of the respondents also stated that the most 
relevant barriers for adoption are economic constraints, particularly the lack of capital for 
investment and the high cost of processing. Other major constraints and barriers 
mentioned are legal constraints, a lack of knowledge, and the absence of a market for 
the AD output (e.g. limited grid connectivity). 
 
                                           
9 Draft of final report submitted to DG Energy by Wageningen UR: Biogas beyond 2020 - Technical 
assessment study for biogas optimal use in the EU post-2020 
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3.3 Technological mitigation options for carbon dioxide (CO2) 
Carbon dioxide (CO2) is the primary GHG emitted through human activities, mainly from 
transportation. While the agricultural sector is a major source of non-CO2 emissions, its 
share in total CO2 emissions is rather low. However, the agricultural sector has a large 
potential as a carbon sink to reduce GHG emissions. The implementation of CO2 
mitigation technologies could be beneficial and affordable for farmers, and in addition 
could generate important environmental co-benefits (e.g. soil conservation). Examples of 
technological mitigation options that seem to be attractive to farmers are conservation 
agriculture and agroforestry systems. 
Conservation agriculture has been promoted as a “win-win” strategy for both farmers 
and society. It can provide emission reductions or other environmental benefits, like e.g. 
reducing soil erosion and enhancing agricultural sustainability (González-Sánchez et al., 
2012), while providing financial savings to the farmer (Moran et al., 2013). The potential 
for carbon sequestration may vary depending on the region, but in general, higher rates 
may be expected in Mediterranean climate regions compared to high rainfall regions. 
Agroforestry systems can increase aboveground and soil carbon stocks, reduce GHG 
emissions (e.g. through the increase of the C inputs in the soils at deeper soil layers), 
and at the same time increase biodiversity and avoid soil degradation (Mutuo et 
al.,2005; Rigueiro-Rodriguez et al., 2009). 
3.3.1  Conservation agriculture 
Presentation given by Emilio Gonzalez-Sanchez from European Conservation 
Agriculture Federation and Cordoba University (Spain). 
The conservation agriculture (CA) systems include a combination of agricultural practices 
that have to meet three concurrent principles: (1) avoid mechanical soil disturbance 
(e.g. direct seeding, no- tillage), (2) enhance and maintain soil organic matter cover 
(e.g. crop residues, cover crops) and (3) promote the diversification of species 
(intercropping, crop rotation, sequences or associations). CA may have a positive effect 
on the mitigation of climate change by both sequestering soil organic carbon into the soil 
and reducing the emissions of CO2 released into the atmosphere. 
Currently CA is practiced on about 157 million ha at global scale (Kassam et al., 2015), 
and Australia, US, Brazil, Paraguay, Argentina and Canada show the highest adoption 
levels of CA. In Europe the application of conventional tillage practices is still dominant. 
Recent CA experiments in Spain recorded an average increase of 30% in carbon 
sequestration compared to conventional agriculture. In addition, average reductions in 
energy use of 19% (while keeping yields of wheat, sunflower, legumes) were recorded 
as well as significant differences in the CO2 emitted when comparing with tillage 
operations (6.7 and 10.5 fold-increase by disc harrow and mouldboard application 
respectively; Life + Agricarbon10 Project; Carbonell-Bojollo et al., 2011). 
CA implementation comprises different economic and environmental benefits. Time and 
fuel savings, more efficient energy use and incentives from Rural Development Programs 
can provide cost savings to the farmer. Its environmental benefits include control of 
erosion, increased soil organic matter, less soil compaction, reduced CO2 emissions, 
improved biodiversity, and lower risk of potential pollution to the water. An increase in 
CA uptake could be achieved by supporting training for farmers and incentives for 
investment in machinery. 
 
                                           
10  LIFE+ Agricarbon. Sustainable agriculture in carbon arithmetics. Available online: 
www.agricarbon.eu 
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3.3.2 Agroforestry systems 
Presentation given by Maria Rosa Mosquera-Losada from European Agroforestry 
Federation (EURAF) and University of Santiago de Compostela (Spain). 
Agroforestry (AF) is defined as the integration of woody vegetation (trees and shrubs as 
first component) in at least two vertical layers on land, with the bottom layer providing 
an agricultural product such as crops or forage/pasture (second component) which may 
be consumed by animals (third component). Agroforestry is a tool for eco-intensification 
(i.e. improvement of soil, nutrient and radiation resource use efficiency) in both above 
and belowground level increasing biomass production. AF also favours C storage at 
deeper soil layers and fine particles, as the lack of disturbances like ploughing prevents 
CO2 release and improve C stability, respectively.  
The application of agroforestry can help to increase storage and stabilize soil organic 
carbon, and in turn reinforce the agricultural system to be more climate change resilient, 
besides increasing biodiversity at plot, farm and landscape level (Torralba et al., 2016, 
Mosquera-Losada et al., 2016a), nutrient recycling (i.e. reducing fertilizer needs), 
increasing water and food safety and security, and profitability when compared with 
exclusively forest or agricultural land use (Buttoud, 2013; Mosquera-Losada et al., 
2016a and 2016b). Moreover, agroforestry can help to reduce forest fire risk, therefore 
contributing to avoid GHG emissions. The area of agroforestry is seen as an indicator of 
the Climate Smart Agriculture adoption in farms (Buttoud, 2013), as it protects and 
sustains agricultural production capacity, ensures food diversity and seasonal nutritional 
security, diversifies rural incomes, strengthen resilience to climatic fluctuations, and also 
perpetuates local knowledge and social and cultural values. 
Agroforestry can be applied by a set of different practices including i) silvopasture, i.e. 
woody plus sward/forage and animal production; ii) silvoarable, i.e. woody plus annual 
or perennial crops; iii) home gardens or kitchengardens i.e. trees plus vegetable 
production in urban or peri-urban areas; iv) forest farming; and v) riparian buffer strips. 
Mosquera et al. (2016b) described that total agroforestry practices roughly occupies 
19.7 million hectares in Europe, including silvopasture, silvoarable, and home gardens. 
Silvopasture occupies about 17.7 Mha in Europe, while silvoarable is only located in 0.36 
Mha, of which over 60% combines annual species cropping with permanent crops 
(mainly identified as fruit trees). Thus silvoarable practices represent less than 0.08% of 
total European area; this figure is similar to those found in other developed countries 
like e.g. the USA (USDA 2013). Home gardens are placed in 1.8 Mha in Europe, with a 
huge potential to be expanded in urban and peri-urban areas. The estimation for the 
current Riparian buffer strips associated with agroforestry practices is about 362,000 ha 
in Europe. These figures indicate that there is a large agroforestry adoption potential in 
Europe and the use of models may help to provide information on adoption potential. For 
example, the Yield-SAFE model is able to evaluate the productivity of crops, trees, 
shrubs and livestock when they are growing alone or combined in AF systems; soil 
carbon sequestered is also considered. Farm-SAFE is able to use Yield-SAFE data to 
provide scenarios under different farm socioeconomic conditions, including policy 
constrains or promotion. 
According to a recent FAO report (Buttoud, 2013), the major barriers for the adoption of 
agroforestry are: i) delayed return on investment and under-developed markets; ii) 
emphasis on commercial agriculture not considering ecosystem services; iii) ignorance of 
the advantages of agroforestry, mainly linked to the limited experience and low capacity 
among some national extension services; iv) unclear status of land and tree resources, 
adverse regulations and lack of coordination among sectors.  
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3.4 Open discussion on data availability 
During the discussion, participants agreed that precise data on adoption and costs of 
management practises and technologies that could mitigate GHG emissions from the 
agriculture sector is lacking globally and specifically for the EU context. The mitigation 
potential of the technologies has been largely studied, but it is site and location specific 
and the upscaling of data and aggregation is difficult to undertake.  
In the EU, estimating technology adoption is a difficult task, both ex ante and ex post. 
On the one hand, systematic farm surveys which can provide primary data are necessary 
to assess actual farmers’ management practices, but so far such surveys are very scarce 
and this situation does not seem likely to change in the coming years. On the other 
hand, the different approaches for technology uptake complicate the analysis. For 
example, Variable Rate Fertilization technology can be either used by farmers as 
machinery owners or supplied as a service by companies or farm machinery 
cooperatives. In addition, not even the technology manufacturers are able to say if 
farmers are really using the technology, because a farmer may, for example, buy 
licences but in the end may not use the related equipment. A further complication for 
gathering data on adoption rates is that most manufacturers are not very keen in 
sharing sales data. To overcome previous limitations, participants suggested to first 
gathering data available from earlier research projects and surveys that include benefits 
for both the public and private sector.  
Participants identified key elements affecting the adoption of the presented technological 
mitigation options that should be considered when building datasets: the price evolution 
of agricultural products, farmers’ investment capacity, farmers’ education and skills 
which may affect farmers’ ease of technology use e as well as regulations and policy 
(e.g. compliance, subsidies, tax benefits). Behavioural and social factors were 
considered as key elements that may help to properly understand uptake of mitigation 
technologies by farmers. 
An important element raised during the discussion was that mitigation technologies are 
constantly evolving, which might represent an opportunity to substantially increase 
uptake. It is likely that an evolving technology (e.g. improved VRF technology over time 
through continuous data use/collection, AF or CA adoption) might increase the efficiency 
of the technology, thus reducing the investment cost and increasing uptake. However, 
technology evolution might complicate the assumptions that need to be included for 
modelling environmental and economic impacts of technological mitigation options. 
Different issues on the assessment of costs of specific technological GHG mitigation 
options were discussed during this session. Variable Rate Fertilization cost savings for 
the use of fertilizers, man labour and fuel do not currently cover initial investments in 
the equipment, yet several components (like satellite navigation, mapping and board 
computers) can be used in other precision farming applications such as precision 
seeding. Additionally, this technology could support the evidence of compliance with 
legislation through automated documentation (e.g. a digital farm book which contains 
data on timing, quantity of fertilizer/pesticide inputs, etc.). NI costs are variable 
depending on the efficiency of this technology and its application rate. Different crop 
types, environmental conditions and active compound types affect NI efficiency. 
Presumable, future NI active ingredients might be cheaper and more competition 
between companies is expected, which might result in price reductions for NI. The effect 
of NI on yields is an important element determining the costs-effectiveness of this 
mitigation measure that still needs to be further investigated.  
The costs and GHG emissions reduction from the adoption of AD can substantially differ 
according to plant size, operating processes, type of digester, or type of feedstock 
among others. In general, investment costs are expensive and official data regarding 
operating costs is lacking. Cost-effectiveness of AD is linked to country specific elements 
such as the electricity price, the national subsidies provided and final use of the 
digestate (e.g. fertilizer). Agroforestry systems profitability is highly dependent on the 
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system (combination of crops, trees and livestock management) used. In turn, the 
appropriateness of each system is highly dependent on the specific conditions of each 
region. From a management point of view, special attention should be given to develop 
understory herbaceous varieties to perform better under shading conditions but also to 
develop tools for a better understanding of what is the best distribution of the trees 
within the plots (copses, hedgerows, trees in line surrounding plots) to deliver higher 
productivity and a high level of ecosystem services. 
Participants highlighted the importance of including in the dataset not only data to 
assess directly the costs of the technologies, but also data linked to co-benefits that 
could increase their uptake and use (e.g. the reduction of erosion through the use of 
conservation agriculture, soil carbon sequestered by trees on land while growing up, 
grazing period extension while woody perennials are present in different layouts, or the 
waste management through AD use).  
The session finished with a debate on whether the generation of datasets should be 
based on average information and/or on benchmark estimates. Some participants 
considered appropriate to define a representative system for the different technologies 
that could be used to generalize the data of interest (i.e. adoption, costs and GHG 
emission reduction). However, other participants raised concerns against this approach, 
as the huge variability linked to mitigation technologies (e.g. differences in the financial 
performance of AD can be big, NI efficiency is highly dependent on crops and regions) 
might not allow generating valid representative systems. 
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4 Models and datasets on technological mitigation options 
for the agricultural sector in the EU (Third Session) 
Section 3 assessed existing datasets and models integrating data on technological 
mitigation options for the agriculture sector. The workshop covered models and datasets 
applied both at global and European scale. Each participant included a description of the 
model and its potential application. In particular, the participants provided information 
on the data sources used for model input, and the model output and findings that could 
be embedded into dataset construction. The main questions addressed in this session 
were:  
 Which are the data sources used in the model? 
 How can the output data generated with the model fit the dataset on mitigation 
technologies? 
 Which are the main limitations of the data sources the model uses? 
 Which methodological approaches could be used to overcome these data gaps?  
4.1 Global mitigation of non-CO2 GHG emissions: 2010-2030  
Presentation given by Shaun Ragnauth from US Environmental Protection Agency 
(USEPA)  
Non-CO2 GHG gases (methane, nitrous oxide, high GWP gases) are released from 
different sectors, including energy (e.g. coal mining, and oil and natural gas systems 
release CH4), waste (e.g. solid waste management releases CH4, and wastewater CH4 
and N2O), agriculture (CH4, N2O), and industrial processes (N2O, PFCs, SF6, HFCs). 
USEPA (2013) has reported that the total technically feasible global mitigation potential 
from non-CO2 GHG gases for all these sectors is over 3,500 MtCO2e in 2030. The 
agriculture sector (cropland, livestock and rice) is estimated to be able to provide 
reductions of more than 500 MtCO2e at costs under $30/tCO2e.  
A set of different simulation models were used to estimate the mitigation potential of 
agriculture, including: i) DAYCENT Model for cropland technologies, an ecosystem model 
to estimate crop yields, N2O and CH4 emissions, and soil C stocks; ii) DNDC 
(Denitrification-Decomposition) Model for rice cultivation, a biophysical model used to 
simulate production, crop yields, CH4, N2O and soil carbon fluxes from rice paddies under 
BAU and mitigation scenarios; iii) IFPRI IMPACT Model (IFPRI’s International Model for 
Policy Analysis of Agricultural Commodities and Trade) for cropland and livestock 
technologies, a model to develop projected baseline emissions and crop/livestock 
production reflecting socio-economic drivers (e.g. population growth, technology 
change); and iv) US EPA Marginal Abatement Cost (MAC) Model for cropland, rice 
cultivation and livestock production, a model that incorporates outputs from the 
simulation models above along with mitigation technology technical and cost information 
to calculate break-even prices and illustrate abatement cost for each option (technology 
costs, yield changes, expected benefits, and emission reductions).  
The models used different scenarios and technologies to estimate the mitigation 
potential for cropland, rice cultivation and livestock production. Seven mitigation 
scenarios were used for cropland simulations by including no-till, optimal N fertilization 
(precision agriculture), split N fertilization, 100% residue incorporation, nitrification 
inhibitors, reduced and increased fertilization (20%). The DNDC model for rice 
cultivation included 26 mitigation scenarios by addressing different combinations of 4 
management techniques (water management, residue management, tillage, and 
fertilizer management alternatives). The livestock models included 6 mitigation options 
for CH4 emissions from enteric fermentation (improved feed conversion, antibiotics, bST, 
propionate precursors, antimethanogen, intensive grazing) and 10 mitigation options for 
CH4 emissions from manure management (complete-mix digester with and without 
engine, plug-flow digester with and without engine, fixed-film digester with and without 
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engine, large-scale covered lagoon with and without engine, small-scale dome digester, 
and centralized digester). 
Different data sources were also necessary according to the simulation type. Cropland 
simulations included weather data (North American Carbon Program), soil data (FAO 
Digitized Soil Map of the World) and cropland areas (Ramankutty et al., 2008). Rice 
cultivation simulations included harvested area for rice (FAOSTAT 2010), climate data 
(NOAA’s National Centers for Environmental Prediction), fertilizer use data (based on 
DNDC model), and production area data (based on IFPRI IMPACT model). Livestock 
simulations included livestock population data (EPA report), and mitigation data 
(UNFCCC and other literature). There is limited information of regional/national data on 
cost and adoption rates of cropland and rice cultivation, magnitude of emission reduction 
and long term costs for enteric fermentation options, and some concerns on human 
health implications of other options (e.g. bST, antibiotics). 
The sector baseline emissions in 2030 were projected to be 472 MtCO2e for cropland 
(4% of global non-CO2 GHG emissions), 756 MtCO2e for rice cultivation (6% of global 
non-CO2 GHG emissions) and 2,729 MtCO2e for livestock (21% of global non-CO2 GHG 
emissions). From these baselines, 5.4% of emissions could be reduced by using cost-
effective cropland technologies, 8% by rice cultivation technologies and 3% by livestock 
technologies (plus an additional reduction of 6.4%, 18% and 7% by using technologies 
with increasingly higher cost). 
In summary, significant cost-effective abatements could be achieved by existing 
mitigation options. However, despite potential cost savings and environmental benefits, 
the adoption of mitigation technologies is still limited due to strong traditions and 
regulatory and legal issues. There is a lack of mitigation measure data and information 
on capital and annual costs, reduction efficiencies, new measures not captured, scientific 
understanding of mitigation impacts and technology adoption rates and interactions. 
Further assessment of mitigation technologies would enhance the marginal abatement 
cost analyses. 
4.2 US GHG Mitigation options and costs for agricultural land and 
animal production  
Presentation given by Jan Lewandrowsky from US Department of Agriculture 
This presentation highlighted results of two reports jointly produced by USDA’s Climate 
Change Program Office and ICF International. The overall goal of the two reports was to 
assess how agricultural producers might respond to incentives to adopt production and 
land management practices and technologies that mitigate GHG emissions. The first 
report, titled Greenhouse Gas Mitigation Options and Costs for Agricultural Land and 
Animal Production within the United States (ICF, 2013), identifies 20 specific 
technologies and practices (see presentation) that individual farm operations could adopt 
in their crop and livestock production systems and in their land management decisions 
that would result in GHG mitigation. For each option, the report contains: i) a detailed 
technical description of the technology or practice; ii) estimates of farm-level adoption 
costs for the technology or practice for a set of typical farms; iii) estimates of the farm-
level GHG mitigation potential associated with adoption; and iv) estimates of CO2 prices 
that would make adoption a break-even investment for various farms. Where possible 
and appropriate, the adoption costs and GHG mitigation potential for each practice or 
technology are further distinguished by farm size, commodity produced, and region of 
the country.  
Figure 1 summarizes the set of CO2 break-even prices for each mitigation technology 
across the set of representative farms considered. In the figure, each dot represents a 
CO2 break-even price for the technology or practice displayed to its right for a specific 
representative farm defined by a unique combination of region, farm size, and/or 
commodity produced (CO2 break-even prices above $100 per mt CO2 e are not shown, 
but are available in the report). The figure shows that no single GHG mitigation option is 
 20 
 
uniquely the best option for all regions, farm sizes, or commodities. For each mitigation 
option in this analysis, there are farms that could economically adopt the technology at 
relatively low CO2 prices (below $20 per mt CO2e) and farms that would require a 
prohibitively high CO2 price (above $40 per mt CO2e). Additionally, for a given CO2 price, 
almost any policy framework will increase the mitigation potential, as the number of 
mitigation options increases. Thus, from a policy perspective the goal should be to allow 
farms as much flexibility as possible in identifying and adopting the most cost-effective 
mitigation options for their circumstances. 
The second report titled Managing Agricultural Land within the United States (Pape, 
2016), develops Marginal Abatement Cost Curves (MACCs), showing how much GHG 
mitigation the various parts of the U.S. farm sector would supply across a schedule of 
CO2 prices ranging between $0 and $100 per mt CO2e (the aggregate MACC for U.S. 
agriculture is shown in the presentation). The MACCs are developed by combining the 
CO2 break-even prices and the associated GHG mitigation levels of the technologies and 
practices described in the first report with estimated distributions of current farm 
production and land management practices (constructed from data sources identified in 
the presentation). As CO2 prices increase, more mitigation options become economically 
rational to be adopted by farms. The MACC for U.S. agriculture shows that at a CO2 price 
of $100 per mt CO2e, farms supply total GHG mitigation of about 120 Tg CO2e. The 
MACC also indicates that the GHG mitigation potential from U.S. agriculture increases 
relatively gradually up to a CO2 price of between $30 and $40 per mt CO2e. At the $40 
price, U.S. farms supply mitigation of about 100 Tg CO2e, which is already about 83% of 
the mitigation indicated at a price of $100 per mt CO2e. Above $40 per mt CO2e and 100 
Tg CO2e, the MACC turns sharply upwards, implying rapidly increasing costs of achieving 
additional mitigation in the farm sector. 
Low-end U.S. government estimates of the social cost of CO2 fall in the range of $30 to 
$40 per mt CO2. The aggregate MACC then suggests that incentivizing farms to mitigate 
GHG emissions may be cost effective up to the low-end estimates of the social CO2costs. 
Above 100 Tg CO2e, however, achieving additional mitigation in agriculture will probably 
be relatively expensive compared to mitigation options in other sectors. For a CO2 price 
of $20 per mt CO2e, U.S. farms supply mitigation of about 63 Tg CO2e. The implied total 
cost would be about $1.26 billion. In the context of comparing the relative value of 
pursuing alternative mitigation strategies in different economic sectors, the 63 Tg CO2e 
can be viewed as a ballpark estimate of the marginal GHG benefits of the next $1 billion 
spent incentivizing the adoption of GHG mitigating technologies in the U.S. agriculture 
sector. 
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Figure 1: Summary of CO2 break-even prices by GHG mitigation technology or practice  
 
Abbreviations: w/EG means “with electricity generation”; high ER means local conditions result in 
relatively “high emission reductions”; low ER means local conditions result in relatively “low 
emission reductions”; VRT means “variable rate technology.” Source:  ICF (2013). 
4.3 Mitigation options for the agricultural sector: The Spanish 
Roadmap 
Presentation given by Maria José Alonso Moya from Spanish Office of Climate Change 
In the policy context, all Member States share a collective target to reduce GHG 
emissions by 20 % compared to their 1990 levels by 2020. There are different individual 
targets depending on the emission levels of each country as enacted in the Energy and 
Climate Package of the EU 2020 Horizon. Further, the ETS sectors (European Trading 
Scheme to regulate emissions) and the non ETS sectors (i.e. transport, buildings, small 
industry, agriculture and waste) share a target to reduce GHG emissions by 21 % and 
10% respectively compared to their 2005 levels. The non-ETS reductions are regulated 
by the Effort Sharing Decision (ESD; 406/2009/CE). The Spanish Office of Climate 
Change (OECC) is responsible of the climate change policy and commitments at national 
(mitigation and adaptation) and international (UNFCCC, IPCC negotiations, cooperation 
and initiatives) level. 
The Spanish roadmap for non-ESD sectors is the key initiative to channel the Spanish 
commitments regarding the non-ETS sector emissions (which represent 63% of total 
Spanish emissions) and aims at identifying potential policies and a cost-efficient set of 
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measures to meet the emission reduction targets. Measures are evaluated with the 
modelling tool M3E (Modelización de medidas para la mitigación en España) according to 
their investment and operating costs, savings (monetary and energy), employment 
generated, level of applicability, CO2 abatements and VAT parameters. The M3E tool is 
an Excel based linear optimization model, optimizes how measures interact for a given 
objective. The tool is easy to use and adaptable with respect to user needs. It covers the 
2013 to 2030 horizon and up to 65 mitigation measures per year can be included. The 
highlighted mitigation measures for agriculture included in the ESD Roadmap 2020 are: 
manure management through anaerobic digestion, education and training to improve 
fertilizing efficiency, no-tillage, legumes on managed and fertilized grasslands, training 
for efficient tractor driving, woody crops pruning waste re-use as biomass or soil 
incorporation, and seeded legume-cover on irrigated woody crops. 
4.4 Economic assessment of EU mitigation policy options with the 
CAPRI model  
Presentation given by Thomas Fellmann from the Joint Research Centre of the 
European Commission 
The JRC designed the project "Economic Assessment of GHG mitigation policy options for 
EU agriculture (EcAMPA 1 and 2) to assess some of the aspects of a potential inclusion of 
the agricultural sector into the EU 2030 policy framework for climate and energy (Van 
Doorslaer et al., 2015; Pérez Domínguez et al., 2016). The EcAMPA 2 study involved 
three major goals. First, improve the GHG emission accounting of the CAPRI (Common 
Agricultural Policy Regional Impact Analysis) modelling system, particularly regarding 
the implementation of endogenous technological mitigation options. Second, improve 
emissions leakage estimates by including potential emission efficiency gains in non-EU 
production regions. Third, provide a quantitative policy analysis based on reduction 
targets and technological mitigation options. The CAPRI model has two modules 
interacting between them, a supply module that assesses agricultural production 
activities (regional optimization models at Nuts2 level within EU28) and a market module 
that assesses prices and trade (global spatial multi-commodity model). GHG emission 
coefficients are endogenously calculated for Member States and Nuts 2 regions, following 
the IPCC guidelines (mostly Tier 2) in the GHG emissions module.  
The EcAMPA 2 study included 14 technological GHG mitigation options. For the 
underlying assumptions of costs, revenues, cost savings and mitigation potential, the 
study relied on different data sources: GAINS dataset (2013, 2015), information 
gathered from the AnimalChange project, and additional expert information. The CAPRI 
model considers that production costs are non-linear, acknowledging that additional 
costs (may) exist that are not included in the pure accounting cost statistics and such 
costs may increase more than proportionally when production or the adoption of 
mitigation technologies expands. The application of mitigation technologies is 
determined by economic and political incentives (e.g. subsidies), and the responsiveness 
to such incentives is expressed in an increase in uptake of a mitigation technology. The 
policy scenarios in EcAMPA 2 were built according to different criteria on reduction 
targets, subsidies for mitigation technologies, type of implementation (voluntary or 
mandatory) and technological progress. The findings showed the mitigation contribution 
of each technology individually and in combination for EU-28 in 2030. Depending on the 
scenario, the largest mitigation contributions to total EU-28 emission reduction were 
reported for anaerobic digestion (9.1 to 12.5 MtCO2e), nitrification inhibitors (2.5 to 9.8 
MtCO2e), fallowing of histosols (6.4 to 9 MtCO2e), precision farming (4.9 to 16.6 MtCO2e) 
and linseed as feed additive (2.3 to 7.4 MtCO2e). 
One of the major limitations of the EcAMPA 2 study is the relatively weak empirical basis 
for the specification of the values for the relative subsidies assumed in the modelling 
approach for the uptake of mitigation technologies. Therefore, in particular more 
information is needed with regarding to costs, benefits and uptake barriers of 
technological mitigation measures. In general, more information and data is needed on 
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i) how applying the mitigation technology leads to lower emissions, ii) how much the 
technology is able to reduce emissions, iii) which are the possible positive or negative 
cross-over effects, iv) which costs (regarding e.g. the technology itself, know how, etc.) 
and benefits (e.g. yield increase) are comprised in the application of the technology, and 
v) for which farmers are the technological options relevant (e.g. size of farms, technical 
requirements that must be met, etc.). 
4.5 MITERRA Model 
Presentation given by Jan Peter Lesschen from Alterra (Wageningen University)  
MITERRA-Europe is a model developed for integrated assessment of N, P and C 
emissions from agriculture in the EU at Member State and regional level (Nuts 2). It is a 
simple and transparent model that can conduct scenario, measure and policy analysis 
providing outputs on N, P and C balances, emissions of N2O, NH3, NOX, CH4, CO2, N 
leaching and runoff, and changes in soil organic carbon (SOC) stock. The MITERRA-
Europe model is linked to CAPRI (activity data on crops and livestock) and GAINS (NH3 
and manure data), and lastly the RothC model has been incorporated for SOC modelling. 
The MITERRA model does not include the socio-economic dimension. At worldwide level, 
the MITERRA-Global model was developed within the AnimalChange project at sub-
national level (mainly based on FAO data). 
Several EU project outputs related to agricultural GHG emissions and abatement are 
based on MITERRA modelling. For example in the EU PICCMAT project, the MITERRA 
model provided the first EU estimations on the mitigation potential of specific agricultural 
technologies (SOC was based on the IPCC carbon stock change approach and N2O 
emissions were based on IPCC Tier 1 emission factors). Better estimates were provided 
in successive projects (e.g. SmartSOIL, AnimalChange) by using RothC modelling to 
estimate SOC emissions or input from more complete datasets (LUCAS for soil 
properties, SAPM Survey on Agricultural Production Methods for current technology 
adoption, and GIS data sources). 
4.6 The Global Livestock Environmental Assessment Model 
Presentation given by Anne Mottet from FAO 
GLEAM (Global Livestock Environment Assessment Model) is a GIS tool developed at FAO 
in collaboration with other partners. GLEAM can be used to calculate emissions from 
livestock supply chains at national, regional and global levels, and by species and type of 
production systems. Additionally, GLEAM can be used in the preparation of national 
inventories, supports the design of Nationally Appropriate Mitigation Actions, and ex-
ante evaluation of projects with interventions in livestock (e.g. vaccination campaigns, 
feed quality improvements). 
The model uses a Life Cycle Assessment (LCA) approach including all steps of production 
(feed production and transport, on farm and processing and transport of animal 
products) and all major sources of emissions (including emissions for feed production 
and direct and indirect energy on farm as well as post-farm emissions). GHG emissions 
are calculated following the IPCC Tier 2 guidelines. The mitigation scenarios cover a wide 
range of options, including improvements in feed quality, feed supplementation, animal 
husbandry, animal health and manure management. The model allows for the 
assessment of the mitigation potential from gains in efficiency and productivity. GLEAM 
can be coupled with other models to include impacts of grazing management on carbon 
sequestration (e.g. grassland models for carbon sequestration) or a cost benefits 
analysis (economic data for MACCs). Results are quite sensible to certain parameters 
(livestock yields, feed digestibility). When used at country level, GLEAM input 
parameters are refined to best describe production systems. Additional, the GLEAM-i is 
an open access and user-friendly tool for calculating emissions using IPCC Tier 2 
methods at country level in a single Excel file to support governments, project planners 
and civil society organizations.  
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The mitigation potential of different case study regions was evaluated according to the 
livestock system (e.g. mixed dairy farms, pig production, specialised beef, and small 
ruminants) by using GLEAM (Mottet et al., 2016). The estimates show significant 
mitigation potential in all regions and systems and higher values in regions of South Asia 
and East Africa.  
4.7 Open discussion on existing datasets and models on 
mitigation technologies  
A diversity of models and associated datasets were presented both to be globally and 
regionally applied. A set of the models presented are capable to assess the 
environmental impact of the different technological GHG mitigation options (e.g. 
DAYCENT model for cropland technologies; DNDC – Denitrification Decomposition Model 
for rice cultivation; MITERRA model; GLEAM - Global Livestock Environment Assessment 
Model), and others (e.g. IFPRI’s IMPACT - International Model for Policy Analysis of 
Agricultural Commodities and Trade for cropland and livestock technologies; US EPA 
Marginal Abatement Cost - MAC model for cropland, rice cultivation and livestock 
production; M3E model; CAPRI - Common Agricultural Policy Regional Impact Analysis) 
assess the socio-economic impacts along with estimating the GHG mitigation potential.  
The participants of the workshop agreed that one of the most important limitations of all 
models is the often weak data regarding the adoption rates assumed for the 
technological GHG mitigation options. This parameter is essential to determine the 
impacts of the different technologies and management practices. Imprecise assumptions 
can lead to poor impact estimates. Moreover, specific data on barriers and incentives for 
adoption, regional cost data, and specific information on technological mitigation options 
for livestock are often missing, but are key determinants for improving the model 
assessment of technological mitigation options.  
A further relevant issue raised during the discussion is the need to properly understand 
the applicability of the different technological GHG mitigation options. Better information 
on the potential applicability of the technologies and mitigation practices at country or 
regional level will generate appropriate baselines and enhance the modelling analysis. 
An important element that needs to be considered when modelling mitigation 
technologies used by farmers is how good or bad they are at using the technology. 
Otherwise, the GHG mitigation impacts will not be properly estimated.  
Participants outlined that the main data sources of the different models currently are 
expert judgement and knowledge, literature reviews, and previous research projects 
(like e.g. FutureFarm 11  or AnimalChange 12 ). Expert groups’ consultations were also 
mentioned as important data sources for certain models. For instance, the GLEAM model 
uses the feed database of the Livestock Environmental Assessment and Performance 
(LEAP) partnership for emissions associated to feed crops production, including 
application of fertilizers and manure. LEAP is a multi-stakeholder partnership on 
benchmarking and monitoring of the environmental performance of the livestock sector.  
Participants discussed that, according to existing data, the application of some 
technologies implies a negative cost, i.e. farmers would be better off (increase their 
income) when applying these technologies. Apparently, this is contrary to what can be 
observed in reality, i.e. the existing data does not explain the low actual adoption rates 
of the respective technologies. Therefore, experts concluded that some factors related to 
farmers´ behaviour or decision making processes are missing or are not being 
considered in many assessments on the adoption potential (e.g. risk aversion, cost of 
                                           
11  The FutureFarm Project funded by the Seventh Research Framework Programme of the 
European Union (EU-FP7) under the Grant Agreement No 212117. www.futurefarm.eu  
12  The AnimalChange Project funded by the EU-FP7 of the European Union under the Grant 
Agreement No 266018. www.animalchange.eu  
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technology learning, high investment cost/linked with irreversibility of the adopted 
technology). The existence of presumed negative costs also complicates the assessment 
of possible incentives needed to increase the uptake of technological GHG mitigation 
options. Thus, information and analysis of non-economic adoption barriers (e.g. 
awareness, strong traditions, education) is needed in order to enhance adoption rates 
and improve respective modelling exercises.  
Participants agreed that models should generally treat technologies and practises 
dedicated to mitigate CO2 emissions with caution. Some studies (e.g. the DEFRA study 
on the UK) concluded that the only agricultural mitigation technology that reduces 
agricultural emissions in a reliable manner is “manure management”. Other mitigation 
management practises, such as zero-tillage, should be considered with caution since 
farmers can use them and reduce the emissions but for example adopt full tillage every 
few years to deal with pan or weed problems, thereby releasing all the carbon that had 
been stored in the soil through conservation tillage.  
Overall, participants emphasized the need for a better understanding of what is really 
happening on the farm, i.e. what farmers are actually doing and what is the impact of 
their current behaviour when it comes to GHG mitigation practices. This understanding 
will help building much more accurate baselines for all the models as well as future 
scenarios. In addition, getting to know directly from farmers the most appropriate 
incentives to boost the adoption of cost-effective technological GHG mitigation options 
seems to be fundamental for proper assessments. 
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5 Priorities and road-map for dataset construction (Fourth 
Session) 
In the fourth session the main elements to be considered when generating a dataset on 
technological mitigation options for the agricultural sector at EU level were discussed. 
Experts provided recommendations and guidelines on the approach to follow based on 
their own experience. Specific questions were used to guide and animate the open 
discussion. 
 
“Q1. Which are the main technological GHG mitigation options that should be prioritized 
to reduce GHG emissions in the medium to long term (i.e. 2030 and 2050)?” 
The JRC science and policy report “Economic assessment of GHG mitigation policy 
options for EU agriculture (EcAMPA 2)” includes different technological mitigation options 
that were considered by experts to be among the most promising for reducing non-CO2 
GHG emission and at the same time were possible to be included in the agro-economic 
modelling framework of the analysis (Figure 2; Pérez Domínguez et al., 2016). Based on 
this report, a set of potentially cost-effective technological non-CO2 and CO2 mitigation 
options were compiled. Table 1 presents the list of these potentially cost-effective 
technological GHG mitigation options ordered by their mitigation capacity.  
 
Figure 2: Contribution of technological mitigation option to total mitigation (EU-28)  
 
Note: The columns represent scenarios with a mitigation target of 20% for EU agriculture, without 
(HET20) and with subsidies for the uptake of mitigation technologies (different scenario variants). 
Source: Pérez Domínguez et al. (2016).  
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Table 1: List of potentially cost-effective technological GHG mitigation options ordered 
by mitigation capacity  
land related non-CO2 
technologies 
livestock related non-CO2 
technologies 
CO2 related technologies 
Fallowing histosols Anaerobic digestion Fallowing histosols 
Nitrification inhibitors Feed additives (linseed) Grassland management* 
Precision farming Low nitrogen feed Conservation agriculture* 
Variable Rate Technology Vaccination   
Higher legume share Feed additives (nitrate)  
Rice measures   
Note: *Technological mitigation options not included in EcAMPA 2. Upper rows indicate more 
mitigation capacity  
 
The comprehensiveness of Table 1 was discussed with the participants.  
In the discussion it was recommended that the following potentially cost-effective 
technological mitigation options should also be included into the list: i) agroforestry; ii) 
land retirement; iii) increased animal and crops productivity; iv) cover crops, v) use of 
residues on soil (e.g. leaving pruning residues in the soil), and vi) low carbon animal 
diet. Due to their importance in the EU context, these additional options should also be 
considered when building datasets on technological GHG mitigation options. 
With regard to livestock related technological mitigation options, it was highlighted that 
vaccination has so far not been proved to be very effective in GHG emission reduction. It 
was suggested that, instead, technologies aiming at increasing the productivity at herd 
level (e.g. through animal husbandry management, changing the herd age composition) 
should be considered as they have proven to be cost-effective due to high mitigation 
potential and reduced implementation cost. 
 
“Q2. Which are the main indicators (apart from costs, mitigation potential and adoption 
rates) that need to be included in the dataset in order to generate realistic and precise 
estimates to be used in current models?” 
The JRC proposed a dataset approach that foresees information on the following 
indicators as most important: i) behavioural data on the current use and potential 
uptake of technological mitigation options; ii) costs and savings linked to the mitigation 
technologies/ practises used; and iii) GHG mitigation potential associated with the 
implementation of the technologies and management practices.  
The participants agreed on these indicators, but also proposed a set of additional 
important variables that could be included in the datasets:  
 Structural data of farm holdings (e.g. size, yield, woody vegetation presence).  
 Productivity increase due to the technology use (i.e. impact on productivity).  
 Ease of use (as a risk associated with its adoption). 
 Responsiveness of adoption to farm size, and other adoption factors. 
 Bioregional differences. 
 Employment creation. 
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Furthermore, it was highlighted that the datasets should also assess the uncertainties 
linked to each of those indicators and variables.   
 
“Q3. What are the main limitations for the generalization of those data?” 
There was a consensus that the most important limitation is the lack of accurate baseline 
information (see previous section), i.e. it is often unknown to which extend and how 
farmers are currently using the respective technological mitigation options. Such 
baseline information is essential to understand farmer’s behaviour towards the 
technologies, and can then be used to identify and assess which practices may be 
adopted by farmers under different conditions and scenarios. It was suggested that, 
even when the baseline cannot be set from a quantitative point of view, it would be 
helpful to conduct a qualitative assessment to identify and understand the practices 
farmers are currently using. 
Another identified limitation for data generalisation is the great data variability that often 
exists for the same technology type, as for example, nitrification inhibitors can have 
different mitigation potentials depending on various factors such as the fertilizer used, 
the brand, the provider or the environmental conditions.  
  
“Q4. Which is the missing data that needs to be gathered for assessing the potential 
application of the different technological GHG mitigation options for the agricultural 
sector at EU level? 
Participants emphasized again that the most relevant data missing is linked to current 
and potential adoption rates of the technologies. There is a need to assess this potential 
for each EU region and/or member state. It was considered that estimates on potential 
adoption rates need to be related to expected policy support measures (e.g. potential 
CAP subsidies).  
 
“Q5. Which is the best approach to gather missing information?” 
Different data gathering methods were proposed and discussed among participants. 
Massive and systematic literature review is the first approach proposed to start with 
for gathering (missing) information. However an important drawback of this approach is 
that most literature studies are based on experimental data which is not applicable for all 
local farm conditions and difficult to generalize. Thus, attention should be given whether 
the data provided corresponds with experimental settings or real farm conditions.  
Expert consultations by bringing together specialists on specific topics of the different 
technological mitigation options can be complementary to the literature review. This can 
provide a quick overview of the existing data and information on controversial issues and 
data gaps.  
Modelling was also proposed as an alternative methodology for generating missing 
data, however some participants considered the utility of purely model based data as 
limited for this purpose: Models can provide a good range of estimates but absolute 
values should be taken with caution due to the uncertainties related to model 
assumptions.  
EU datasets (such as Eurostat and FADN) currently provide some data on technological 
GHG mitigation practices (e.g. uptake of zero-tillage); participants suggest the inclusion 
of other technological GHG mitigation practices of interest. However, budgetary 
constraints might not allow doing so. 
Focus groups discussions (with farmers and extension agents) and stakeholder 
consultations were proposed as a qualitative methodology for gathering information on 
the current use of the technologies. This approach can also provide information on the 
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side benefits and drawbacks of the technology adoption. However, it might not provide 
information on the technological mitigation potential. Already existing EIP-Agri Focus 
groups and the operational groups developed under the Rural Development Programs 
can contribute to this purpose. 
Interviews with farmers can provide the necessary information to illustrate the actual 
situation and specific issues at local level. Moreover, such interviews can be useful to 
reflect socio-economic or other behavioural determinants affecting the adoption (i.e. 
information that is often missing or difficult to find in the literature). In addition, the 
interviews can be useful for comparing and validating information provided by previous 
studies or models.  
Surveys of the industry were also proposed as an approach to gather information 
regarding current and potential adoption of the different technological mitigation options. 
Participants highlighted the effectiveness of dealers’ surveys based on their own 
experiences. The only drawback associated with this survey type is the difficulty of 
gathering information on technology and service prices due to commercial 
confidentiality. 
Lastly, the European Innovation Partnerships (EIP) was also proposed as an 
instrument to gather missing information. EIP is a new approach to EU research and 
innovation in which a group of stakeholders “i) step up research and development 
efforts; ii) coordinate investments in demonstration and pilots; iii) anticipate and fast-
track any necessary regulation and standards; and iv) mobilise ‘demand’ in particular 
through better coordinated public procurement to ensure that any breakthroughs are 
quickly brought to market” (EU Innovation Union, 2015).  
 
“Q6. Shall emission leakage be accounted for in the dataset (as a trade-off of EU 
production and consumption patterns)?” 
GHG emissions are a global concern, and restricting the mitigation of emissions to just 
EU region does not give the full picture of the mitigation effects of specific technological 
mitigation options. Participants agreed on the importance of identifying and addressing 
emission leakage when assessing the mitigation capacity of the EU's agricultural sector. 
However, current methodologies and tools (e.g. life cycle assessment) do usually not yet 
account for it. Moreover, participants considered that emission leakage does not have to 
be part of a dataset, but should be rather an outcome of model based scenario analysis 
since leakage can vary depending on the different scenario assumptions.  
 
“Q7. Shall the dataset focus on broad categories (e.g. fertilization management 
techniques) or specific technologies (e.g. Variable Rate Fertilization, Nitrification 
Inhibitors)?” 
Participants agreed on the importance of being technology-specific rather than focussing 
on broad mitigation techniques. It is important to clearly define the technology, 
establishing an applicability framework and clearly identify the technology's costs, ease 
to implement, short-, medium- and long-term efficiency, local adaptation and GHG 
mitigation capacity. Once this information is gathered, specific technologies can be 
merged into broader categories when required. 
 
“Q8. Shall the dataset focus on non-CO2 technological mitigation options or should 
technologies and practices reducing CO2 emissions also be integrated?” 
Participants agreed on the importance of including CO2 emission mitigation in the 
datasets. Although the non-CO2 emissions are the main GHG released from agriculture, 
technologies and practices reducing CO2 emissions have also great potential to 
contribute to the global mitigation of GHG emissions. Additionally, it was highlighted that 
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some of these technologies can be applied in a very cost-effective way. However, linked 
to the previous discussion point, there is a need to clearly define which technologies 
might have and might not have a direct impact on GHG emission reduction (e.g. reduced 
tillage versus zero tillage).  
 
“Q9. How to deal with technologies that can have a “double counting” impact on GHG 
emission reduction? How to assess this inconsistency in the dataset? ” 
Participants considered that one means to avoid cross-over effect, i.e. not considering 
the effect that the use of one technology can have on the mitigation potential of a 
second technology is to assess the different technological mitigation options in an 
integrated manner. Special care should be taken in identifying the interaction of effects 
of each technology, bearing in mind that emission reduction should not be double 
counted. It was proposed to establish a clear “applicability of the mitigation technology” 
index, establishing different penetration indexes for the technologies that share 
applicability and target the same emission source (e.g. in the case of different 
technologies targeting emissions related to fertilizer use). 
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6 Conclusion 
The present report concludes that although valuable information was reported in the 
workshop for the selected mitigation technologies (i.e. Variable Rate Fertilization, 
Nitrification Inhibitors, on-farm Anaerobic Digester, Manure Management, Conservation 
Agriculture, and Agroforestry Systems), there is a clear lack of primary data regarding 
the mitigation potential, current and potential uptake, and cost-effectiveness globally 
and for the EU context. Particularly, current adoption rates were found to be still far too 
little known and limited to build an accurate baseline scenario for modelling mitigation 
policy options. Some figures were shown on adoption rates for nitrification inhibitors, 
which accounts for about 1-2% of nitrogen fertilizer, and for anaerobic digesters, which 
are manly deployed in Germany. However, for most of the mitigation technologies there 
is a clear lack of empirical and official data on adoption rates or related information (e.g. 
feedstock utilisation) and costs. In some cases already existing data were recognised to 
not be available free of charge or open access (e.g. sales data on specific machinery or 
other agricultural inputs such as seeds or fertilizers among others).  
Limitations were also found for adoption assessments of mitigation technologies due to 
difficult ex post and ex ante measurement and monitoring, different potential 
approaches for uptake (e.g. farmers can be machinery owners or use services for 
operations), and heterogeneity when calculating investment and operating costs. 
A major conclusion of the workshop is that there is certainly a need to build consistent 
datasets per agricultural GHG mitigation option. Workshop participants agreed and 
ranked a list of the following main technological mitigation options that should be 
covered by improved datasets (including both non-CO2 and CO2 emissions): fallowing 
histosols, nitrification inhibitors, precision farming-variable rate technology, higher 
legume share, rice measures, anaerobic digestion, low nitrogen feed, vaccination (not 
proved to be very effective), feed additives (nitrate), grassland management, 
conservation agriculture, agroforestry, land retirement, increase animal and crops 
productivity, cover crops, use of residues on soil and low carbon animal diet. Participants 
also agreed which elements should be included in the adoption dataset. However there 
was no consensus with regard to using average figures or benchmark estimates. The 
elements of the datasets should be technology and site specific including adoption rates, 
costs, mitigation potential, structural data of farm holdings, productivity increase due to 
the technology use, employment creation, measurement of the ease of use, adoption 
drivers and barriers and bioregional differences. Furthermore, participants indicated that 
the datasets should be built using massive and systematic literature reviews, already 
existing databases and research projects, expert consultations and focus group 
discussions, and interviews and surveys with the farming community (farmers, 
agricultural advisers, policy makers, related agro industries or enterprises).  
It therefore follows that is fundamental to collect more secondary and primary data on 
the EU adoption rates, costs and mitigation potential to understand what is currently 
happening at farm level and assessing how this may evolve in the future. Even though 
the task of building consistent and comprehensive datasets would likely imply costly and 
time consuming efforts, such datasets seem to be imperative for the proper analysis of 
agriculture's GHG mitigation potential.  
 
  
 32 
 
References 
Abalos, D., Jeffery, S., Sanz-Cobena, A., et al. (2014) Meta-analysis of the effect of 
urease and nitrification inhibitors on crop productivity and nitrogen use efficiency. 
Agriculture, Ecosystems & Environment 189, 136-144. 
Akiyama, H., Yan, X., Yagi, K. (2010) Evaluation of effectiveness of enhanced-efficiency 
fertilizers as mitigation options for N2O and NO emissions from agricultural soils: 
meta-analysis. Glob Change Biol 16, 1837–1846.  
Buttoud, G. (2013) Advancing agroforestry on the policy agenda: a guide for decision-
makers. F. Place, & M. Gauthier (Eds.). FAO, Rome.  
Carbonell-Bojollo, R., González-Sánchez, E. J., Veróz-González, O., et al.  (2011) Soil 
management systems and short term CO 2 emissions in a clayey soil in southern 
Spain. Science of the Total Environment 409, 2929-2935. 
Ciais, P., Sabine, C., Bala, G., et al. (2013) Carbon and Other Biogeochemical Cycles. In: 
Climate Change 2013: The Physical Science Basis. Contribution of Working Group I 
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. 
Cambridge University Press, Cambridge, UK and New York, NY, USA. 
Clemens, J., Trimborn, M., Weiland, P., et al. (2006) Mitigation of greenhouse gas 
emissions by anaerobic digestion of cattle slurry. Agriculture, Ecosystems & 
Environment 112, 171-177. 
Davidson, E. A., Kanter, D., Suddick, E., et al. (2013) N2O: sources, inventories, 
projections Drawing Down N2O to Protect Climate and the Ozone Layer. Synthesis 
Report. United Nations Environment Programme, Nairobi. 
Delbeke, J., & Vis, P. (Eds.). (2015) EU climate policy explained. Routledge, New York 
Domínguez, I.P., Fellmann, T. (2015) The need for comprehensive climate change 
mitigation policies in European agriculture. EuroChoices, 14, 11-16. 
EEA (2015) National emissions reported to the UNFCCC and to the EU Greenhouse Gas 
Monitoring Mechanism. EEA dataset v16, published on March 2015. European 
Environmental Agency  
EEA (2016) National emissions reported to the UNFCCC and to the EU Greenhouse Gas 
Monitoring Mechanism. EEA dataset v16, published on June 2016. European 
Environmental Agency.  
Erickson, B., Widmar, D.A., (2015) 2015 Precision Agricultural Services Dealership 
Survey Results. Staff Paper, 37pp.  
FAO (2013) Climate-Smart Agriculture. Sourcebook. FAO, Rome.  
Foged, H.L., Flotats, X., Bonmati Blasi, A.,et al. . (2011) Manure processing activities in 
Europe – project reference: ENV.B.1/ETU/2010/0007, Technical Report I. DG-
Environment, European Commission, Brussels. 
Füssel, H.M., Klein, R.J. (2006) Climate change vulnerability assessments: an evolution 
of conceptual thinking. Climatic Change 75, 301-329. 
Gilsanz, C., Báez, D., Misselbrook, T. H., et al. (2016) Development of emission factors 
and efficiency of two nitrification inhibitors, DCD and DMPP. Agriculture, 
Ecosystems & Environment 216, 1-8. 
González-Sánchez, E.J., Ordóñez-Fernández, R., Carbonell-Bojollo, R., et al. (2012) 
Meta-analysis on atmospheric carbon capture in Spain through the use of 
conservation agriculture. Soil and Tillage Research 122, 52-60. 
Hou, Y., Velthof, G. L., Case, S. D. C., et al. (2016) Stakeholder perceptions of manure 
treatment technologies in Denmark, Italy, the Netherlands and Spain. Journal of 
Cleaner Production. 
 33 
 
ICF (2013) Greenhouse gas mitigation options and costs for agricultural land and animal 
production within the United States. Washington, DC. ICF International, Prepared 
for USDA, Climate Change Program Office. 
Jones, P., Salter, A. (2013) Modelling the economics of farm-based anaerobic digestion 
in a UK whole-farm context. Energy policy 62, 215-225. 
Kassam, A., Friedrich, T., Derpsch, R., et al. (2015) Overview of the Worldwide Spread 
of Conservation Agriculture. Field Actions Science Reports [Online], Vol. 8 | 2015, 
Online since 26 September 2015, connection on 13 November 2016. 
http://factsreports.revues.org/3966 
Klein, R.J.T., Huq, S., Denton, F., et al. (2007) Inter-relationships between adaptation 
and mitigation. In: Parry, M.L., Canziani, O.F., Palutikof, J.P., et al.(eds) Climate 
change 2007: impacts, adaptation and vulnerability. Contribution of Working Group 
II to the Fourth Assessment Report of the Intergovernmental Panel on Climate 
Change. Cambridge University Press, Cambridge, pp. 745-777. 
Leip, A., F. Weiss, T. Wassenaar, et al. (2010) Evaluation of the livestock  
sector’s contribution to the EU greenhouse gas emissions (GGELS). European 
Commission, Joint Research Centre, Brussels.  
Lesschen, J.P., van den Berg, M., Westhoek, H., et al. (2011) Greenhouse gas emission 
profiles of European livestock sectors. Animal Feed Science & Technology, 166-
167, 16-28. 
Li, H., Liang, X., Chen, Y., et al.(2008) Effect of nitrification inhibitor DMPP on nitrogen 
leaching, nitrifying organisms, and enzyme activities in a rice-oilseed rape cropping 
system. Journal of Environmental Sciences 20, 149-155. 
Moran, D., Lucas, A., Barnes, A. (2013) Mitigation win-win. Nature Climate Change, 3, 
611-613. 
Mosquera-Losada, M.R., Gilliland, J., Franco, P., et al. (2016a) Landscape management 
through Mixed Farming Systems. MFS as an option for landscape management that 
enhance biological regulations. Mixed farming systems livestock/cash crops 
European Focus Group. EIP-Agri. 
Mosquera-Losada, M.R., Santiago Freijanes, J.J., Pisanelli, A., et al. (2016b) Extent and 
Success of current policy measures to promote agroforestry across Europe. 
AGFORWARD European project Policy Report. 
Mutuo, P.K., Cadisch, G., Albrecht, A., et al. (2005) Potential of agroforestry for carbon 
sequestration and mitigation of greenhouse gas emissions from soils in the tropics. 
Nutrient Cycling in Agroecosystems 71, 43-54. 
Pape, D., Lewandrowski, J., Steele, R., et al. (2016) Managing Agricultural Land for 
Greenhouse Gas Mitigation within the United States. Report prepared by ICF 
International under USDA Contract No. AG-3144-D-14-0292. July 2016. 
Pedroli, B., Langeveld, H., Eds. (2011) Impacts of renewable energy on European 
farmers - Creating benefits for farmers and society. Final report of AGRI-2010-
EVAL-03 for EC DG Agri. 
Pérez Domínguez, I., T. Fellmann, P. Witzke, et al. (2012) Agricultural GHG emissions in 
the EU: An Exploratory Economic Assessment of Mitigation Policy Options. JRC 
Scientific and Policy Reports, European Commission, Seville. 
Pérez Domínguez, I., T. Fellmann, F. Weiss, P. Witzke, et al (2016) An economic 
assessment of GHG mitigation policy options for EU agriculture (EcAMPA 2). JRC 
Science for Policy Report, EUR27973 EN, 10.2791/843461. 
Ramankutty, N., Evan, A. T., Monfreda, C., et al. (2008) Farming the planet: 1. 
Geographic distribution of global agricultural lands in the year 2000. Global 
Biogeochemical Cycles 22,1. 
 34 
 
Rigueiro-Rodríguez, A., Fernández-Núñez, E., González-Hernández, P., et al. (2009) 
Agroforestry systems in Europe: productive, ecological and social perspectives. In 
Agroforestry in Europe (pp. 43-65). Springer Netherlands. 
Ruser, R., & Schulz, R. (2015) The effect of nitrification inhibitors on the nitrous oxide 
(N2O) release from agricultural soils—a review. Journal of Plant Nutrition and Soil 
Science 178, 171-188. 
Torralba, M., Fagerholm, N., Burguess, P.J., et al. (2016) Do European agroforestry 
systems enhance biodiversity and ecosystem services? A meta-analysis. 
Agriculture, Ecosystems and Environment 230, 150-16. 
UNFCCC (2008) Challenges and opportunities for mitigation in the agricultural sector: 
technical paper. United Nation Framework Convention on Climate Change. 
Available at:  
USDA (2013) Agroforestry: US Department of Agriculture Reports to America Fiscal 
years 2011-2012. Comprehensive version.  
USEPA (2013) Global Mitigation of Non- CO2 Greenhouse Gases: 2010-2030. EPA 430-R-
13-011. U. S. Environmental Protection Agency, Office of Atmospheric Programs, 
Washington, D.C. 
Van Doorslaer, B., P. Witzke, I. Huck, et al. (2015) An economic assessment of GHG 
mitigation policy options for EU agriculture (EcAMPA). JRC Technical Reports, 
European Commission, Luxembourg: Publications Office of the European Union.  
Velthof, G.L., Oudendag, D., Witzke, H.P., et al. (2009) Assessment of nitrogen 
emissions in EU-27 using the integrated model MITERRA-EUROPE. Journal of 
Environmental Quality 38, 402-417.  
 35 
 
Annex I: Workshop Agenda 
 
 
 
08:45 - 9:15 Registration All participants 
9:15 – 9:45 Introduction to the workshop  
Chair: Giampiero Genovese (JRC-Seville) 
 
 
9:15 - 9:25 
 
 
 
9:25 - 9:35 
 
 
 
9:35 - 9:45 
 
 
 
Welcome and introduction to the workshop 
 
 
 
Overview of JRC research on Climate Change & Agriculture  
 
 
 
Workshop objectives, structure and organization 
 
 
 
Giampiero Genovese  
(JRC-Seville) 
 
 
Emilio Rodríguez-Cerezo 
(JRC-Seville) 
 
 
Iria Soto-Embodas  
(JRC- Seville) 
 
9:45 – 12:15 Session 1: Examples of existing data (adoption, costs and mitigation potential) of  
technological mitigation options in the EU 
Chair: Thomas Fellmann (JRC- Seville) 
 
 
9:45 - 10:15 
 
 
 
 
 
10:15 - 10:45 
 
 
 
 
Technological mitigation options for nitrous oxide (N2O): 
Variable Rate Fertilization and nitrification inhibitors  
 
 
 
 
Technological mitigation options for methane(CH4):   
On-farm anaerobic digesters and manure management  
 
 
 
Ulrich Adam  
(CEMA);  
Andreas Pacholski 
(EurochemAgro) 
 
 
Philip Jones  
(Reading University); 
Jan Peter Lesschen 
(Wageningen UR) 
 
10:45 – 11:15 Coffee break 
 
11:15- 11:45 
 
 
 
11:45- 12:15 
 
Technological mitigation options for carbon dioxide (CO2): 
Conservation agriculture and agroforestry systems 
 
 
Discussion 
 
 
 
 
Emilio González (ECAF); 
Rosa Mosquera (EURAF) 
 
 
All participants 
 
 
 
 
 36 
 
 
12:15 – 16:00 Session 2 : Existing datasets and models on mitigation technologies 
Chair: Ignacio Pérez-Domínguez (JRC- Seville) 
 
12:15 - 12:35 
 
 
12:35 - 12:55 
 
 
 
12:55 - 13:15 
 
Global Mitigation of Non-CO2 GHG emissions 
 
 
US GHG Mitigation Options and Costs for Agricultural Land 
and Animal production  
 
 
Mitigation Options for the Agricultural Sector: The Spanish 
Roadmap 
 
 
Shaun Ragnauth (EPA) 
 
 
Jan Lewandrowski (USDA) 
 
 
 
María Jose Alonso Moya 
(OECC) 
13:15 – 14:15 Lunch break 
 
14:15 - 14:35 
 
 
 
14: 35 - 14:55 
 
 
14:55 - 15:15 
 
 
15:15 - 16:00 
 
 
Economic assessment of EU mitigation policy options with 
the CAPRI model  
 
 
MITERRA Model 
 
 
The Global Livestock Environmental Assessment Model 
 
 
Discussion 
 
Thomas Fellmann  
(JRC- Seville)  
 
 
Jan Peter Lesschen 
(Wageningen UR) 
 
Anne Mottet (FAO) 
 
 
All participants 
 
16:00– 16:30 Coffee break 
16:30 – 18:00 Session 3: Priorities and road-map for dataset construction  
Chair: Manuel Gómez- Barbero (JRC- Seville) 
 
16:30 - 17:00 
 
 
 
17:00 - 17:30 
 
 
17:30 - 18:00 
 
 
 
Brainstorming session on dataset construction and 
assumptions 
 
 
Setting up working road-map 
 
 
Wrap-up and overall conclusions of the meeting,  
calendar for contributions and next steps 
 
 
 
All participants  
 
 
 
All participants 
 
 
All participants  
 
21:00 
 
Networking dinner  
 
 
  
 37 
 
Annex II: List of participants 
 
Participant/Speaker Organization E-mail 
Shaun Ragnauth Environmental Protection Agency (EPA) 
Office of Atmospheric Programs ,  
US - DC 20250, Washington 
ragnauth.shaun@epa.gov 
Jan Lewandrowski U.S. Department of Agriculture(USDA)  
Global Change Program Office  
1400 Independence Ave., S.W.  
US - DC 20250, Washington 
jlewandrowski@oce.usda.gov 
Anne Mottet Food and Agriculture Organization of the 
United Nations (FAO)  
Animal Production and Health Division 
Office C-540 Viale delle Terme di Caracalla 
IT – 00153, Rome 
anne.mottet@fao.org 
Jan Peter Lesschen Alterra Wageningen UR 
Droevendaalsesteeg 3,  
NL - 6708PB, Wageningen 
janpeter.lesschen@wur.nl 
Emilio González 
Sánchez 
European Conservation Agriculture  
Federation  
Avda. Menéndez Pidal, s/n 
ES - 14004, Córdoba 
emilio.gonzalez@uco.es 
Ulrich Adam CEMA - European Agricultural Machinery 
Diamant Building , Boulevard A. Reyers, 80 , 
BE - 1030 Brussels 
sg@cema-agri.org 
Andreas Pacholski EuroChem Agro GmbH 
Reichskanzler-Müller-Str.23 
DE – 68165, Mannheim 
andreas.pacholski@eurochem
group.com 
María Rosa Mosquera  European Agroforestry Federation (EURAF) 
University of Santiago de Compostela  
ES – 27002, Lugo 
mrosa.mosquera.losada@usc.
es 
Philip Jones Centre for Agricultural Strategy 
University of Reading, Earley Gate,  
UK – RG66AR, Reading 
p.j.jones@reading.ac.uk 
María José Alonso Moya Spanish Ministry of Agriculture, Food and 
Environment 
Paseo de la Infanta Isabel, 1,  
ES – 28014, Madrid 
mjamoya@magrama.es 
Kairsty Topp  Scotland’s Rural College (SRUC) 
Crop & Soil Systems 
Peter Wilson Building, Kings Buildings, West 
Mains Road,  
UK – EH93JG, Edinburgh 
kairsty.topp@sruc.ac.uk 
Natalie Trapp Hamburg University 
Grindelberg 5,  
DE – 20144, Hamburg 
natalie.trapp@uni-
hamburg.de 
 
  
 38 
 
 
Internal European Commission participants 
Name Surname Affiliation 
Jesús Barreiro-Hurle JRC Seville (Economics of Agriculture Unit) 
Thomas  Fellmann JRC Seville (Economics of Agriculture Unit) 
Giampiero Genovese JRC Seville (Economics of Agriculture Unit) 
Manuel Gómez-Barbero JRC Seville (Economics of Agriculture Unit) 
Jonas  Kathage JRC Seville (Economics of Agriculture Unit) 
Ignacio Pérez-Domínguez JRC Seville (Economics of Agriculture Unit) 
Emilio Rodríguez-Cerezo JRC Seville (Economics of Agriculture Unit) 
Iria  Soto-Embodas JRC Seville (Economics of Agriculture Unit) 
 
  
 39 
 
Annex III: Presentations 
All presentations can be downloaded at the following link. 
 
Variable Rate Fertilization & Precision Agriculture. Ulrich Adam (CEMA) 
 40 
 
 41 
 
 42 
 
 43 
 
 44 
 
 
 
 45 
 
Variable Rate Fertilization and Nitrification Inhibitors. Andreas 
Pacholski (EuroChem Agro) 
 
 46 
 
 47 
 
 
 
  
 48 
 
On-farm anaerobic digesters - an economic perspective. Philip  Jones 
(Reading University) 
 49 
 
 50 
 
 
 
 
 
 
  
 51 
 
On farm anaerobic digesters and manure management. Jan Peter 
Lesschen (Alterra, Wageningen University) 
 
 
 
 
 
 52 
 
 
 
 
 
 53 
 
 
 
 
 
 54 
 
 
 
 
 
  
 55 
 
Conservation agriculture. Emilio Gonzalez-Sanchez (ECAF/Cordoba 
University) 
 
 
 
 
 
 56 
 
 
 
 
 
 57 
 
 
 
 
 
 58 
 
 
 
 
 
 59 
 
 
 
 
 
 60 
 
 
 
 
 
 61 
 
 
 
 
 
 
 
 
 
 
 
 
  
 62 
 
Agroforestry systems. Maria Rosa Mosquera-Losada (EURAF/University 
of Santiago de Compostela) 
 
 
 
 
 63 
 
 
 
 
 
 64 
 
 
 
 
 
 65 
 
 
 
 
 
 
 
 
 
  
 66 
 
Global Mitigation of Non-CO2 GHG: 2010-2030. Shaun Ragnauth 
(USEPA) 
 67 
 
 68 
 
 
 
 
 
 
  
 69 
 
US GHG Mitigation Options and Costs for Agricultural Land and Animal 
production. Jan Lewandrowsky (USDA) 
 
 70 
 
 
  
 71 
 
Mitigation Options for the Agricultural Sector: The Spanish Roadmap. 
Maria José Alonso Moya (OECC) 
 72 
 
 73 
 
 74 
 
 
 
 
  
 75 
 
Economic assessment of EU mitigation policy options with the CAPRI 
model. Thomas Fellmann (EC JRC Seville) 
 76 
 
  
 77 
 
MITERRA Model. Jan Peter Lesschen (Alterra - Wageningen UR) 
 78 
 
 
 
  
 79 
 
The Global Livestock Environmental Assessment Model. Anne Mottet 
(FAO) 
 
 
 
 
 80 
 
 
 
 
 
 81 
 
 
 
 
 
 82 
 
 
  
  
 
 
 
GETTING IN TOUCH WITH THE EU 
In person 
All over the European Union there are hundreds of Europe Direct information centres. You can find the 
address of the centre nearest you at: http://europea.eu/contact 
On the phone or by email 
Europe Direct is a service that answers your questions about the European Union. You can contact this 
service: 
- by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls), 
- at the following standard number: +32 22999696, or 
- by electronic mail via: http://europa.eu/contact 
FINDING INFORMATION ABOUT THE EU 
Online 
Information about the European Union in all the official languages of the EU is available on the Europa 
website at: http://europa.eu 
EU publications 
You can download or order free and priced EU publications from EU Bookshop at: 
http://bookshop.europa.eu. Multiple copies of free publications may be obtained by contacting Europe 
Direct or your local information centre (see http://europa.eu/contact). 
  
 
 
 
X
X
-N
A
-x
x
x
x
x
-E
N
-N
 
doi:10.2760/80763 
ISBN 978-92-79-70518-2 
K
J-0
2
-1
7
-8
0
8
-E
N
-N
 
